Aims-To detect cytoplasmic and nuclear antigens using flow cytometry in acute leukaemia and to use this technique for double marker combinations.
There has been considerable progress over the past few years in the characterisation of leukaemic cells by the use of cell markers in addition to morphological diagnosis. In acute leukaemia the findings have direct clinical and therapeutic relevance. The introduction of flow cytometry has improved the analysis of cell surface antigen expression.' Flow cytometry allows large numbers of cells (up to 1 x 106) to be analysed over a short period of time, and the possibility of quantitating the results makes this superior to immunofluorescence microscopy and immunocytochemistry. As several of the antigens detected in blast cells are expressed first in the cytoplasm, a complete immunophenotype requires the detection not only of membrane antigens but also of intracellular ones. 2 The most commonly used methods for detecting intracytoplasmic and nuclear antigens are immunofluorescence and immunocytochemistry on cytocentrifuge preparations of fixed cells. Although these microscopic techniques combine morphology with immunological information, they are time consuming, their results are somewhat subjective, and sometimes only a limited number of cells can be counted, giving inaccurate results. Flow cytometry for the detection of cytoplasmic and nuclear antigens has so far had limited use as the cells need to be permeabilised so that the monoclonal antibodies can reach the intracellular antigens. The reagents used for permeabilisation (fixatives and detergents) can also cause disruption of the cells with loss of antigen expression and distortion of the morphology and light scatter, so that it may not be possible to identify different cell populations.6 7 We describe a technique that does not disrupt the cells and preserves both antigen expression and light scatter, and permits a precise study of the leukaemic cells by gating the desired population for analysis.
Methods
Peripheral blood and bone marrow anticoagulated samples from 40 patients with acute leukaemia at presentation or relapse were studied. The diagnosis was based on morphology and cytochemistry according to the FAB criteria.8 9 Mononuclear cells were isolated by density gradient centrifugation with Lymphoprep (Nycomed SA, Oslo, Norway). Cells were washed twice with Hanks's balanced salt solution before being immunostained. The cells were incubated for 10 minutes at room temperature with 2 ml of a mixture of 1 ml 4% paraformaldehyde (PFA) in phosphate buffered saline (PBS) (final concentration 2%) and 1 ml of a 1 in 10 dilution of Becton Dickinson's FACS lysing solution in distilled water. This is a diethylene glycol based solution that causes lysis of the red cells and mild permeabilisation of the white cells. The cells were centrifuged in an immunofuge for two minutes, the supematant fluid discarded, and then washed with 2 ml of 0-5% Table 1 shows the antibodies used in this study.
All samples for flow cytometry were processed on a FACScan Flow cytometer (Becton Dickinson) using Lysis II software. The data were analysed after gating the leukaemic cells in the light scatter (forward scatter against side scatter) dot plot using the normal counterpart patterns as described by (fig 6) .
To ascertain the sensitivity of this technique for detecting intracytoplasmic and nuclear antigens we compared the results with those obtained by APAAP which was the standard immunocytochemistry technique used in our laboratory. APAAP results were read independently of the results by flow cytometry. Table 2 shows the percentages of positive cells for nuclear and cytoplasmic antigens by flow cytometry (F) and APAAP (P). The differences (if any) in the proportion of positive cells with both methods were minimal. Table 3 compares the number of positive cases using both techniques. Using 10% as a cutoff for TdT and MPO, and 20% for the other antibodies, we found nearly complete ' concordance between flow cytometry and APAAP except for CD22 where differences were observed in cases 14, 34, and 38 which were negative with one technique and positive with the other. All the cases which were CD 13 positive by flow cytometry were also positive by APAAP; however, the number of positive cells was usually lower by flow cytometry. In two cases (16 and 17) CD13 was negative on the membrane but both the blasts cells had cytoplasmic expression with equivalent results by flow cytometry and APAAP.
Discussion
We developed a fixation and permeabilisation procedure for the detection of intracytoplasmic and nuclear antigens because of their importance in the immunophenotyping of Demonstration of cytoplasmic nuclear antigens by flow cytometry (3) For the rapid diagnosis of biphenotypic acute leukaemia by being able to use the full range of reagents to diagnose such cases which may require more intensive treatment protocols.
We conclude that the technique described provides a powerful tool for improving the application of immunophenotyping to the diagnosis, follow up, and overall management of all types of acute leukaemia. We expect that nuclear and cytoplasmic staining by flow cytometry may replace in the near future the need for performing immunocytochemistry on fixed cells in many of its current applications in the immunophenotyping of leukaemic blast cells.
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